In an attempt to decrease the incidence of falls and fall-related fractures at a special geriatric nursing home, we endeavored to reduce diuretic doses, and examined the relationship between the effectiveness of this approach with the body compositions and activities of daily living of the study cohort.
Introduction
In Japan's super-aging society, falls and fall-related fractures in older adults are major problems that must be addressed to prolong healthy life. The risk factors for falls in older adults include intrinsic factors, such as physical disease, drugs and the pathophysiological changes associated with aging, as well as extrinsic environmental factors and factors related to care equipment and quality of care.
Lee et al. reported that disease was a more important risk factor than drugs for falls in older adults; 1 nevertheless, several systematic reviews and meta-analyses have identified a number of drugs as risk factors for falls in older adults. [2] [3] [4] [5] [6] The role of diuretics in falls and fallrelated fractures in older adults might have been somewhat overlooked: the term "diuretic" was not mentioned Accepted for publication 22 November 2015.
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in the Fall Prevention Medical Encyclopedia, despite recognition in the seven pillars of fall prevention that adequate hydration status is important for healthy life, and vertebrobasilar insufficiency is a well-known causative factor for falls in older adults. 7 Japanese textbooks of geriatric medicine recommend diuretics as a treatment for heart failure-related edema, but their advice is not entirely consistent. A small dose of a diuretic administered on alternate days has been recommended as the most effective means of controlling peripheral edema in older adults. 8 Another recommended strategy is to use a loop diuretic to treat chronic heart failure, with the anti-aldosterone drug, spironolactone (25 mg/day), as adjunctive treatment. 9 The durations of effective drug action of various diuretics are well known: 6 h for the loop diuretic furosemide, and 2-3 days for spironolactone. 10 More up-to-date recommendations from the American College of Cardiology Foundation/American Heart Association focus on angiotensin-converting enzyme inhibitors or angiotensin receptor blockers as the mainstay of treatment for heart failure (http://circ.ahajournals.org/content/128/ 16/e240.full).
We have already reported our practice of using spironolactone at a dose of 12.5 mg every other day in survivors of the Hiroshima atomic bomb resident in a special geriatric nursing home (SGNH), a strategy we have named NY-mode. 11, 12 Our preliminary findings from the application of NY-mode between July 2012 and September 2014 suggest that this diuretic regime reduces the incidence of falls and fall-related proximal femoral fractures, even though there had been no improvement in the incidence of falls or fall-related fractures among residents of the home in the previous 8 years.
Although it is recognized that reductions in intracellular water (ICW) and lean muscle mass occur with aging, and that these changes are associated with functional decline resulting in increased care needs, to the best of our knowledge the relationships between body composition, diuretic use, and falls and fall-related fractures in older adults have not been examined.
The objective of the present study was to report the impact of diuretic reduction according to the NY-mode strategy on falls and fall-related fractures in the SGNH, and to examine the influence of care requirements on body composition, especially ICW, extracellular water (ECW) and skeletal muscle volume.
Methods
Informed consent was obtained from all participants before the study began, and conduct of the study was approved by the ethics committee of Hiroshima Bunka Gakuen.
We enrolled three groups of elderly individuals. Group C comprised 93 urban community dwellers living relatively independently, and who were able to complete activities of daily living (ADL). They were daily users of the Hiroshima Atomic Bomb Survivors Recuperation Research Center (Kanda Sansoh), and included 57 survivors of the 1945 atomic bombing. During their daily attendance at the center, users underwent rehabilitation and participated in indoor exercise, such as walking in a pool, pedaling on an ergometer, using electrical massage or similar activities. Group I comprised 60 residents of Hunairi Mutsumien, a 100-bed intermediate geriatric nursing home. Although less independent than group C, their care requirements were relatively low, and there were no wheelchair users. Group SGNH comprised 50 residents of Kandayama Yasuragien, a 100-bed SGNH. The care needs of this group were the highest, with many participants using walkers or wheelchairs. The two homes were facilities managed by the Hiroshima Atomic Bomb Survivors Relief Foundation.
Intervention
From April 2012, 50 consenting SGNH residents with chronic heart failure and hypertension were weaned from high-dose diuretics, generally a daily regime of oral furosemide 20-40 mg and spironolactone 25-50 mg, to the NY-mode regimen of spironolactone 12.5 mg on alternate days.
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Outcome measures
We recorded all occurrences of falls or fall-related fractures. We defined falls according to epidemiological definition: an involuntary fall, where a part of the body other than the sole of the foot came into contact with the ground, floor or a lower level. 13 All fractures were diagnosed by imaging examination.
The body compositions of the participants in the three groups were analyzed using the InBody S10 multifrequency bioelectrical impedance analyzer (InBody, Seoul, Korea). 14, 15 This instrument can measure ICW and ECW volumes, as well as the amounts of muscle, fat, protein and minerals. Muscle and water volumes were estimated for the whole body and various body segments: the right and left upper extremities, trunk, and right and left lower extremities.
Care levels were defined with reference to the system of long-term care, health and welfare services for older adults in Japan of the Japanese Ministry of Health, Labor and Welfare. 16 Care requirements of elderly individuals with disability and/or dementia are divided into support or needing care (NC). Depending on an individual's level of independence, they might require support (level 1 or 2), or for those with higher care requirements, NC levels 1-5. Each participant's care requirement was determined through examination of physical functions, such as standing, walking, body washing, dietary intake and toilet hygiene, as well as by assessment of mental function, such as memory, understanding and communication. Individuals with an NC level of 5, the highest level of NC in the Japanese longterm care insurance system, were excluded from the present study, as they are generally bed-bound. Diagnoses of dementia were also recorded according to criteria used by the Japanese Ministry of Health, Labor and Welfare, allowing us to examine differences between elderly participants with physical disabilities and those with dementia. 16 The blood pressure of residents of the SGNH were measured non-invasively every 2 weeks. The serum concentrations of potassium and brain natriuretic peptide (BNP) were measured when clinically indicated. Assays were undertaken in the Clinical Laboratory Center of the Hiroshima Medical Association. BNP, a biomarker of chronic heart failure, was measured using a chemical-luminescent enzyme immunoassay until the end of March 2014, after which it was measured using a fluorescence enzyme immunoassay.
Statistical analysis
We undertook all statistical analyses using SPSS Statistics (version 17.0; SPSS, Chicago, IL, USA) and Interaction! (http://www.danielsoper.com/Interaction/). Data for all participants are expressed as mean ± SD or SE. We used unpaired t-tests to compare muscle volume or ICW between the three groups. Multiple regression analysis was used to characterize the relationships between ICW and other measures of body composition, such as the volumes of muscle and fat, and the body mass index in the three groups. Additionally, multiple regression analysis was used to characterize the relationship between ICW and the levels of the Japanese long-term care insurance system (e.g. NC and independence in daily life) in the SGNH participants. We used a simple slope test to investigate associations between the participants' care requirement levels, independence in ADL of older adults with disability and/or with dementia, and ICW using the mean ± 1 SD. A P-value <0.05 was considered statistically significant.
Results
Patient characteristics
Of the 93 urban community dwellers in group C, 22 were men and 71 were women. Their ages ranged from 65 to 96 years. Group I comprised 60 residents (7 men and 53 women; age range 71-94 years), and group SGNH comprised 50 residents with diagnoses of heart failure, hypertension and other cardiovascular diseases (8 men and 42 women; age range 68-99 years). The demographic and clinical characteristics of the participants are shown in Table 1 .
Pre-intervention drug therapy
Before the intervention, the 50 participants in group SGNH (52.1%) took daily furosemide (20-40 mg) or spironolactone (25-50 mg), or both in combination. These, antihypertensive drugs and other drugs acting on the cardiovascular system taken by the SGNH residents are shown in Table 2 , along with residents' serum BNP concentrations. Up until the end of June 2012, diuretics were discontinued in 18 of 24 residents with hypertension (75.0%) and 13 of 26 residents without hypertension (50.0%), and NY-mode therapy was introduced.
In the majority of participants, blood pressure did not exceed 145/85 mmHg, and serum potassium concentration remained within the range 3.5-5.0 mEq/L after either discontinuation of or change in diuretic regime.
Incidence of falls and fractures after intervention
After the introduction of NY-mode diuretic therapy in July 2012, the incidence of falls fell from 53 in 2011, to 29 and 27 in 2012 and 2014, respectively (Fig. 1) . There was also a substantial concomitant decrease in the incidence of fall-related fractures (Fig. 2) , including the elimination of fall-related proximal femoral fractures within 3 years of introducing NY-mode, although there were more minor fractures, such as those of fingers or toes, which were judged to be unrelated to falls.
Body composition
The SGNH group had the smallest volume of muscle (Fig. 3a) and ICW (Fig. 3a) of the three groups. The volumes of muscle, ICW and ECW decreased with decreasing levels of ADL. We examined the relationships among muscle volume, ICW and care level in the SGNH participants using regression analysis, and found a strong relationship among care requirements, muscle volume and ICW. In particular, a higher level of independence in daily life was associated with a significantly higher ICW (P = 0.001) and muscle volume (P = 0.003). Furthermore, a lower level of NC was associated with significantly higher ICW (P = 0.002). We found a decreased level of independence in ADL, and increased NC level in participants with a lower ICW (Fig. 4a) , with an apparent cut-off of an NC level of 2 to define a difference in ICW of ±1 SD in SGNH residents. We observed a broadly comparable result for muscle volume (data not shown). In elderly participants with dementia, however, there was no relationship between care requirements and muscle volume (P = 0.314) or ICW (P = 0.247, Fig. 4b) .
We observed four patterns of muscle and water volume distribution: pattern N was normal or showed higher volumes in both the upper and lower extremities; pattern A showed low volumes in both the upper and lower extremities; pattern B showed low volumes in the lower extremities alone; and pattern C showed low volumes in the upper extremities alone. The numbers of community dwellers, intermediate geriatric nursing home residents and SGNH residents who showed patterns N, A, B and C were 57 (61.3%), nine (9.7%), 12 (12.9%) and 15 (16.1%); 16 (26.7%), 22 (36.7%), 21 (35.0%) and one (1.6%); and three (6.0%), 31 (62.0%), 14 (28.0%) and two (4.0%), respectively. Very few participants in group SGNH residents showed pattern N, and a large proportion showed pattern A.
Adverse events
The blood pressure of all residents remained well controlled after NY-mode was established. Antihypertensive drugs were continued except in one case: a 93-year-old female resident who had collapsed slowly to the floor in April 2012. She had been taking furosemide, spironolactone and two antihypertensive drugs (group 3, Table 2 ), in her case NY-mode was established and one of the anti-hypertensive drugs was discontinued. She experienced no further episodes of syncope or falls for more than 3 years. Approximately half of the SGNH residents had been diagnosed with chronic heart failure before admission; however, most had not undergone echocardiography. In another case, a 97-year-old female resident (group 4, Table 2 ), there was no acute exacerbation of chronic heart failure for more than 3 years after NY-mode therapy was introduced. Her serum BNP concentration, however, persistently lay with in the range 800-1300 pg/ mL, but an echocardiogram was not thought to be necessary in light of her severe Alzheimer's disease.
In April 2012, 15 residents of SGNH took polystyrene sulfonic acid calcium (20% jelly preparation) three times a day to control serum potassium concentration. After introducing NY-mode therapy, this was discontinued in all 15 patients, as serum potassium concentration remained satisfactorily controlled.
Discussion
To the best of our knowledge, the potential impact of decreasing diuretic dose on falls in older adults has not been examined before. From 2003 to 2011, no improvement in the incidence of falls or fall-related fractures had been observed at the SGNH, despite a focus on diagnosing and treating osteoporosis in the residents. 17 The elimination of proximal femoral fractures after the initiation of NY-mode diuretic therapy is therefore of substantial clinical significance. Other strategies to prevent hip fractures, such as hip protectors, might be used to prevent fall-related fractures of the proximal part of the femur; however, the use of hip protectors is somewhat limited by some residents' lack of cooperation and adherence as a result of declining mental function. 18 We also compared the body compositions of community dwellers with high levels of ADL, residents of an intermediate geriatric nursing home and residents of an SGNH. Three significant results emerged. First, the ICW and ECW decreased with decreasing of levels of ADL. Second, the SGNH residents with a higher level of NC and lower level of independence in daily life had significantly lower ICW, ECW and muscle volumes. Third, in elderly patients with or without dementia, those with NC level 2 requirements were more likely to have depleted ICW. Consequently, less-independent patients requiring higher levels of care should be targeted for fall-prevention strategies, as our findings suggest that they are more vulnerable to water depletion by daily loop diuretic regimes.
Woolcott et al. selected 22 studies for a metaanalysis of medication in older adults, and found that diuretics had a 1.07 hazard ratio for falls, which was lower than other classes of drugs examined. 5 The drugs that showed the highest risk ratios for falls were antidepressants (1.68) and benzodiazepines (1.57). Although a small dose of a thiazide diuretic is the firstchoice treatment for essential hypertension in older adults according to Japanese guidelines, and despite recent reports about their effectiveness in patients with osteoporosis, other antihypertensive drugs have generally been used in the Kandayama Yasuragien SGNH. 19, 20 As of April 2012, 50 of the 96 residents in this nursing home were receiving daily diuretics, such as furosemide (20-40 mg), spironolactone (25-50 mg), or combinations of drugs to treat chronic heart failure or hypertension. When designing our strategy to prevent falls at that facility, we elected not to endeavor to reduce or replace hypnotics, despite the report of Woolcott et al., because of the experience of colleagues in the 700-bed Hiroshima prefectural hospital (personal communication), who found this not to be effective. 5 Instead, we used the NY-mode strategy of reducing or replacing diuretic therapy with spironolactone at a dose of 12.5 mg on alternate days. This intervention appears to have reduced the number of falls and eliminated proximal femoral fractures in the 3-year period that followed.
It might be expected that residents' blood pressure would have risen as a result of reducing the dose of diuretics, but our findings suggest that daily diuretics might not always be necessary for the treatment of mild hypertension in SGNH residents. We found substantial interindividual variation in serum BNP concentration and persistent elevation in asymptomatic patients. A 90-year-old man with chronic severe heart failure, who responded well to NY-mode therapy and had no exacerbations, had persistently elevated serum BNP concentration, although it remained <175 pg/mL throughout his lifetime. 11 Large doses of furosemide can cause hypokalemia, whereas doses of spironolactone in excess of 25 mg can cause hyperkalemia. 21, 22 The present findings also suggest that spironolactone at a dose of 12.5 mg on alternate days has no clinically significant influence on serum potassium concentration.
Aldosterone has both genomic and non-genomic actions, and plays a key role in the pathophysiology of heart failure. 23 In a randomized controlled trial, Pitt et al. reported that the mineralocorticoid receptor antagonist, spironolactone, reduced morbidity and mortality in patients with severe heart failure. 24 Nevertheless, when treating chronic heart failure with peripheral edema, the first choice is generally to administer a thiazide or loop diuretic. A comprehensive systematic review of inappropriate medication use and iatrogenic harm undertaken in older adults, 25 and Japanese guidelines for safe medication use in older adults 26 have highlighted the adverse effects associated with loop diuretics. Furthermore, loop diuretics reportedly increase the rate of bone loss in hips of older adults, 27, 28 which could increase the risk of proximal femoral fracture in the event of a fall. 29 Based on these and our findings, we believe spironolactone at 12.5 mg on alternate days is superior to daily loop diuretics in the treatment of chronic heart failure and other edematous states in terms of preventing falls in older adults.
The present study had some limitations. First, the trial of diuretic dose reduction was undertaken in only one SGNH. Second, we did not compare the NY-mode diuretic strategy with a control group of patients taking standard therapy, or a small dose of another diuretic. Third, we did not establish whether the change in diuretic therapy led to exacerbations of heart failure, especially if there was concurrent pneumonia. We did not routinely measure serum BNP concentration or undertake an echocardiogram in residents on admission, and so have not been able to provide a comparison with baseline values. Finally, although the InBody S10 bioelectrical impedance analyzer reportedly has some limitations as a means of measuring body composition in older adults, it has been used in approximately 240 studies. 30 In conclusion, we found that replacement and reduction of diuretics to a regimen of spironolactone 12.5 mg on alternate days appeared to contribute to a decrease in the incidence of falls and elimination of fall-related proximal femoral fractures in an SGNH. We also observed statistically significant differences in body composition, especially in terms of muscle and water volumes, between relatively independent older adults and those with increased care requirements, suggesting that SGNH residents are more vulnerable to water depletion by diuretic regimes. We believe it is likely that loop diuretics deplete elderly patients of total body water, and increase the risk of falls and fallrelated fracture. Further randomized clinical trials of low-dose spironolactone will be required to confirm these findings.
